Women with polycystic ovary syndrome (PCOS) have chronic lowgrade inflammation that can increase the risk of atherothrombosis. We performed a cross-sectional study to examine the effect of glucose ingestion on markers of atherothrombotic inflammation in mononuclear cells (MNC) of 16 women with PCOS (8 lean, 8 obese) and 16 weight-matched controls. Activator protein-1 (AP-1) activation and the protein content of early growth response-1 (EGR-1), matrix matalloproteinases-2 (MMP2), and tissue factor (TF) were quantified from MNC obtained from blood drawn fasting and 2 h after glucose ingestion. Plasma MMP9 and C-reactive protein (CRP) were measured from fasting blood samples. Truncal fat was determined by DEXA. Lean women with PCOS exhibited greater AP-1 activation and MMP2 protein content after glucose ingestion and higher plasma MMP9 and CRP levels than lean controls. Obese women with PCOS exhibited greater EGR-1 and TF protein content after glucose ingestion, and plasma CRP levels were even higher compared with lean subjects regardless of PCOS status. Truncal fat correlated with MMP9 and CRP levels and glucose-stimulated increases in AP-1 activation and EGR-1 and TF protein content. Testosterone correlated with glucose-stimulated AP-1 activation, and androstenedione correlated with MMP9 and CRP levels and glucose-stimulated AP-1 activation. Thus, both PCOS and obesity contribute to an atherothrombotic state in which excess abdominal adiposity and hyperandrogenism may be specific risk factors for developing atherothrombosis.
THE POLYCYSTIC OVARY SYNDROME (PCOS) is the most common female endocrinopathy, affecting between 8 and 12% of reproductive-age women (24) . The disorder is characterized by hyperandrogenism, chronic oligo-or anovulation, and polycystic ovaries, with two of three of these findings required to diagnose PCOS (37) . Insulin resistance is another common finding in PCOS, that is thought to promote hyperandrogenism through compensatory hyperinsulinemia and is also associated with accelerated atherothrombosis (7, 28) . In fact, women with PCOS have endothelial dysfunction, increased fibrinolytic activity, and a higher prevalence of coronary artery calcification reflecting a predisposition to atherothrombosis (23, 32, 39) . Women with PCOS are often obese, which raises the risk of developing hyperglycemia and is characterized by chronic low-grade inflammation (8 -13) .
We demonstrated previously that in PCOS glucose serves as a dietary trigger capable of provoking inflammation from peripheral blood mononuclear cells (MNC) and that this response is independent of obesity (8 -13) . Indeed, oral glucose ingestion stimulates nuclear factor B (NF-B) activation in MNC of lean women with PCOS (11, 12) . Regulation of gene transcription by NF-B gives rise to a variety of proatherogenic inflammatory mediators not the least of which is C-reactive protein (CRP) (20, 36) . Aside from its predictive value in cardiovascular disease, CRP may play a causal role by inducing the uptake of lipids into MNC-derived foamy macrophages within atherosclerotic plaques (46) . Circulating CRP is elevated in PCOS independently of obesity and is the most reliable marker of chronic low-grade inflammation in the disorder (6, 22) .
Activator protein-1 (AP-1) and early growth response-1 (EGR-1) are two additional proinflammatory transcription factors that participate in the development of atherothrombosis. AP-1 is a protein homo-or heterodimer encoded by the fos and jun gene families that regulates the transcription of a family of zinc-dependent matrix matalloproteinases (MMP) (33) . MMP2 and MMP9 in particular are involved in extracellular matrix remodeling within the blood vessel wall (29) . EGR-1 undergoes rapid transient activation to regulate the transcription of tissue factor (TF), the receptor for coagulation factor VII that induces thrombin generation to promote fibrin formation and platelet activation (5) . MMP2, MMP9, and TF are produced by MNC-derived foamy macrophages and activated vascular smooth muscle cells within atherosclerotic plaque (27) . Excessive extracellular matrix breakdown by MMP2 and MMP9 culminates in atherosclerotic plaque rupture, thereby exposing TF to the circulating blood. This in turn triggers thrombosis and culminates in blood vessel occlusion.
Glucose has been shown to increase the gene expression EGR-1 and the c-Fos and c-Jun subunits of AP-1 (18, 38) . These glucose-stimulated gene products are biologically active and have increased DNA binding activity (41) . Circulating levels of MMP2, MMP9, and TF are elevated in PCOS. We have previously reported failed circulating MMP2 suppression in response to hyperglycemia in lean women with PCOS (12, 14, 19, 21) . These findings, coupled with the fact that activation of AP-1 and EGR-1 occurs in response to glucose ingestion, suggest that, in PCOS, inflammation triggered by diet may promote an atherothrombotic state (2) .
We embarked on a study to examine the effect of glucose ingestion on MNC-derived AP-1 activation and the protein content of MMP2, EGR-1, and TF in women with PCOS. We hypothesized that, in response to glucose ingestion, activated AP-1 and the protein content of MMP2, EGR-1, and TF are increased in women with PCOS compared with body composition-matched controls and that these markers of atherothrombosis are related to abdominal adiposity, insulin sensitivity, and circulating levels of MMP9, CRP, and androgens.
MATERIALS AND METHODS
Subjects. Sixteen women with PCOS (8 lean and 8 obese) 20 -32 yr of age and 16 weight-matched control subjects (8 lean and 8 obese) 20 -40 yr of age volunteered for study participation. Subjects in the present report had been previously involved in our studies on PCOS and insulin resistance, and some largely descriptive data from these subjects included herein have been presented in previous publications (8, 9) . Obesity was defined as a BMI between 30 and 40 kg/m 2 . Lean subjects had a BMI between 18 and 25 kg/m 2 . The women with PCOS were diagnosed on the basis of oligoamenorrhea and hyperandrogenemia after nonclassic congenital adrenal hyperplasia, Cushing's syndrome, hyperprolactinemia, and thyroid disease were excluded. Polycystic ovaries were present on ultrasound in all subjects with PCOS. All control subjects had regular menses lasting 25-35 days and a luteal range serum progesterone level consistent with ovulation (Ͼ5 ng/ml). All control subjects exhibited normal circulating androgen levels and did not have any skin manifestations of androgen excess or polycystic ovaries on ultrasound.
Diabetes and inflammatory illnesses were excluded in all subjects. None of them smoked tobacco or used medications that could impact carbohydrate metabolism or immune function for a minimum of 6 wk before beginning the study. No subjects exercised regularly during the 6 mo before study participation. Written informed consent was obtained in all subjects according to Institutional Review Board guidelines for the protection of human subjects.
Study design. All study subjects underwent an oral glucose tolerance test (OGTT) between days 5 and 8 following the onset of menstruation, and an overnight fast of ϳ12 h. The women were provided with a healthy diet consisting of 50% carbohydrate, 35% fat, and 15% protein for 3 consecutive days before the test. Body composition was assessed immediately before the OGTT.
OGTT. A 75-g glucose beverage was administered to all subjects. Blood samples were drawn during fasting and at 30, 60, 90, 120, and 180 min after ingestion of the glucose beverage to measure glucose and insulin. Plasma glucose concentrations were assayed immediately, and insulin measurements were performed later from plasma stored at Ϫ80°C. Additional plasma was isolated from the fasting blood samples and stored at Ϫ80°C until assayed for MMP9 and CRP. Insulin sensitivity was derived from the OGTT (IS OGTT) using the following formula: 10,000 divided by the square root of (fasting glucose ϫ fasting insulin) ϫ (mean glucose ϫ mean insulin) (25) .
Body composition assessment. Height without shoes was measured to the nearest 1.0 cm. Body weight was measured to the nearest 0.1 kg. Waist circumference was measured at the level of the umbilicus and used to estimate abdominal adiposity. In addition, all subjects underwent dual-energy X-ray absorptiometry to determine percent total body fat and percent truncal fat using the QDR 4500 Elite model scanner (Hologic, Waltham, MA) as previously described (9, 40) .
MNC isolation and processing. MNC were isolated from blood samples obtained during the OGTT at 0 and 120 min (2 h). A 12-ml sample of Na-EDTA-anticoagulated blood was layered over 12 ml of polymorphonuclear cell separation media (1-Step Polymorphprep; Accurate Chemical and Scientific, Westbury, NY), and centrifuged at 450 g for 30 min at 18°C, resulting in separation of two bands above the red blood cell pellet. MNC present in the top band were harvested with a Pasteur pipette and washed repeatedly with Hank's buffered saline solution (HBSS).
Nuclear extracts of DNA-binding protein were prepared from a portion of MNC using a method described by Andrews et al. (3) and stored at Ϫ80°C until processing for oligonucleotide-based ELISA. The remaining MNC portion was suspended in phosphate-buffered saline (pH 7.4) and centrifuged at 13,000 g for 2 min at 18°C to yield a pellet that was flash-frozen in liquid nitrogen for storage at Ϫ80°C until processing for Western blotting.
Oligonucleotide-based ELISA. Nuclear extract total protein concentrations were determined using the BCA protein assay (Pierce Chemical, Rockville, IL). Activated AP-1 components in the samples were detected by oligonucleotide-based ELISA (Active Motif, Carlsbad, CA). The nuclear extracts were added to wells of a 96-well microtiter plate precoated with an AP-1 consensus oligonucleotide sequence (5=-TGAGTCA-3=). The bound AP-1 c-Fos and c-Jun proteins were detected by specific antibodies and anti-rabbit-HRP-conjugated IgG. The c-Fos and c-Jun binding specificity was determined by binding comparisons with a known quantity of free consensus nucleotide or mutated nucleotide added to the reaction buffer. A hydrogen peroxide-3,3=,5,5=-tetramethylbenzidine chromogenic substrate was used for colorimetric readout. The reaction was stopped with 2 N sulfuric acid, and the optical density of the developed color was measured in an ELISA plate reader (BioTek ELx800, Winooski, VT) at 450 nm. The quantity of AP-1 in each sample was proportional to the developed color intensity. All samples from each subject were measured in duplicate in the same assay. The interassay and intraassay coefficients of variation for all assays were 6% and 10%, respectively.
Western blotting. MNC lysates were prepared by adding 1 ml of boiling lysis buffer (1% SDS), 1 mM sodium orthovanadate, and 10 mM Tris (pH 7.4) to MNC pellets. Total protein concentrations were determined using the BCA protein assay. Samples (60 g) were electrophoresed onto 10% gels (Bio-Rad Laboratories, Hercules, CA). The proteins were transferred to polyvinylidene difluoride membranes, which were then blocked for 1 h in 5% nonfat dry milk and incubated for 1 h with a polyclonal antibody against MMP2 (1:250) (Santa Cruz Biotechnology, Santa Cruz, CA) or EGR-1 (1:1,000) (Santa Cruz Biotechnology) and a monoclonal antibody against TF (1:250) (Calbiochem ® EMD Biosciences, La Jolla, CA) or actin (1:1,000) (Santa Cruz Biotechnology). The membranes were washed, incubated in SuperSignal West Femto chemiluminescence substrate (Pierce Chemical), and exposed to X-ray film. Densitometry was performed on scanned films using Carestream Molecular Imaging software version 5.0.2.30 (Rochester, NY), and all values for MMP2, EGR-1, and TF were corrected for loading using those obtained for actin.
Plasma and serum measurements. Plasma glucose was measured by the glucose oxidase method (YSI, Yellow Springs, OH), and plasma insulin was measured by double-antibody RIA (Linco Research, St. Charles, MO). Serum luteinizing hormone (LH), testosterone, androstenedione, and dehydroepiandrosterone-sulfate (DHEA-S) levels were measured by RIA (Diagnostic Products, Los Angeles, CA). Plasma MMP9 was measured by ELISA (R&D Systems, Minneapolis, MN). Plasma CRP was measured by high-sensitivity ELISA (Alpha Diagnostics International, San Antonio, TX). All samples from each subject were measured in duplicate in the same assay. The interassay and intra-assay coefficients of variation for all assays were 7% and 12% respectively.
Statistics. The StatView software package (SAS Institute, Cary, NC) was used to perform the statistical analysis. Descriptive data and change from baseline in atherothrombotic inflammation markers were compared between groups using ANOVA for multiple-group comparisons. Detection of significance by ANOVA was followed by a post hoc analysis using Tukey's honestly significant difference test to identify the source of significance. Data are presented as means Ϯ SE. Treatment effects on atherothrombotic inflammation markers were determined by calculating the percent change for each participant in view of interindividual variability. The Spearman rank correlation coefficient was used to estimate the correlation between parameters. Results were considered significant at a two-tailed ␣-level of 0.05.
RESULTS
Age, body composition, blood pressure, and lipids. Obese women with PCOS were similar in age compared with obese controls, whereas lean women with PCOS were younger than lean controls (P Ͻ 0.2; Table 1 ). Weight, BMI, %total body fat, %truncal fat, and waist circumference were significantly (P Ͻ 0.5) greater in obese subjects compared with those who were lean whether or not they had PCOS. However, %truncal fat was also significantly (P Ͻ 0.05) greater in lean women with PCOS than in lean controls.
Systolic and diastolic blood pressures were significantly (P Ͻ 0.05) higher in obese individuals than in lean controls and modestly higher in obese women with PCOS compared with lean women with PCOS (P ϭ 0.09), but mean values were in the normotensive range. All lipid levels were similar among groups.
Plasma hormone levels, glycemic status, and insulin resistance. Circulating levels of LH, testosterone, and androstenedione were significantly (P Ͻ 0.05) elevated in women with PCOS compared with control subjects independently of body mass (Table 1) . Circulating DHEA-S levels were significantly (P Ͻ 0.05) elevated in lean and obese women with PCOS compared with obese controls but only modestly higher in lean women with PCOS compared with lean controls.
Glucose levels while fasting and post-glucose ingestion were similar in women with PCOS compared with controls independently of body mass (Fig. 1) . All subjects had a normal glucose response during the OGTT, with fasting glucose levels Ͻ100 mg/dl and 2-h glucose levels ranging between 68 and 138 mg/dl. Fasting insulin levels were significantly higher (P Ͻ 0.05) in obese subjects than in those who were lean and in obese women with PCOS compared with obese controls. Insulin levels post-glucose ingestion were significantly higher (P Ͻ 0.04) in obese women with PCOS compared with those in lean controls at 30 and 120 min and with all three of the other groups at 60 and 90 min. Compared with lean controls, insulin levels post-glucose ingestion were significantly higher (P Ͻ 0.05) in obese controls at 30 min and in lean women with PCOS at 60 min. IS OGTT was significantly higher (P Ͻ 0.05) in obese subjects compared with lean controls and in lean women with PCOS compared with lean controls.
Molecular markers of atherothrombosis. In response to glucose ingestion, the %change in activated AP-1 and MMP2 protein content from MNC was significantly (P Ͻ 0.03) higher in both groups of women with PCOS compared with lean controls and in obese controls compared with lean controls (Fig. 2) . In contrast, the %change in EGR-1 protein content was significantly (P Ͻ 0.02) higher in obese women with PCOS compared with either group of lean subjects (Fig. 3) . The %change in TF protein content was significantly (P Ͻ 0.001) higher in obese subjects compared with those who were lean whether or not they had PCOS.
Plasma markers of atherothrombosis. Plasma MMP9 levels were significantly (P Ͻ 0.02) higher in both groups of women with PCOS compared with lean controls and in obese women with PCOS compared with obese controls (Fig. 4) . Plasma CRP levels were significantly (P Ͻ 0.003) higher in obese subjects compared with those who were lean regardless of PCOS status and in lean women with PCOS compared with lean controls.
Correlations. For the combined groups, the %change in activated AP-1, EGR-1, and TF protein content and plasma CRP were positively correlated with BMI, %body fat, %truncal fat, and waist circumference ( Table 2 ). The %change in MMP2 protein content was positively correlated with BMI and waist circumference, and plasma MMP9 was positively correlated with %body fat and %truncal fat. Plasma CRP and the %change in MMP2 and TF protein content were also nega- tively correlated with IS OGTT . The %change in activated AP-1 was positively correlated with the %change in TF protein content and plasma levels of MMP9 and CRP, and the %change in MMP2 protein content was positively correlated with the %change in EGR-1 protein content and plasma CRP.
In women with PCOS, the %changes in EGR-1 and TF protein content and plasma CRP were positively correlated with BMI, %body fat, %truncal fat, and waist circumference (Table 3) . There was also a negative correlation between plasma CRP and IS OGTT . The %change in EGR-1 protein content was positively correlated with the %change in TF protein content and plasma CRP, and the %change in TF protein content and plasma CRP were positively correlated with each other for the combined groups and in women with PCOS.
The %change in activated AP-1 was positively correlated with serum levels of testosterone (r ϭ 0.38, P Ͻ 0.05) and androstendione (r ϭ 0.40, P Ͻ 0.04), and plasma MMP9 was positively correlated with serum levels of LH (r ϭ 0.37, P Ͻ 0.05) and androstendione (r ϭ 0.57, P Ͻ 0.005) for the combined groups. There was also a positive correlation between the %change in TF protein content and LH (r ϭ 0.57, P Ͻ 0.03) and plasma CRP and serum androstenedione (r ϭ 0.51, P Ͻ 0.05) in women with PCOS. collected during fasting and 2 h after glucose ingestion. *Response in lean women with PCOS was significantly greater than that of lean controls, P Ͻ 0.02. †Response in obese controls was significantly greater than that of lean controls, P Ͻ 0.0004. ‡Response in obese women with PCOS was significantly greater than that of lean controls, P Ͻ 0.004. B: representative Western blots from the 4 study groups showing the change in quantity of matrix matalloproteinase-2 (MMP2) and actin in MNC homogenates in samples collected pre-and post-glucose ingestion. Samples used to quantify proteins from both study groups were run on the same gel. C: Densitometric quantitative analysis comparing the change from baseline (%) in MNC-derived MMP2 protein content between fasting and 2 h post-glucose ingestion samples. *Response in lean women with PCOS was significantly greater than that of lean controls, P Ͻ 0.03. †Response in obese controls was significantly greater than that of lean controls, P Ͻ 0.03. ‡Response in obese women with PCOS was significantly greater than that of lean controls, P Ͻ 0.04. A: plasma glucose levels measured during the oral glucose tolerance test (OGTT). Levels were similar in all 4 groups throughout the OGTT. B: plasma insulin levels measured during the OGTT. *Levels in obese women with PCOS were significantly greater than those in lean controls at 30 and 120 min and with all 3 of the other groups at 60 and 90 min, P Ͻ 0.04. †Levels in obese controls were significantly greater than those of lean controls at 30 min, P Ͻ 0.05. ‡Levels in lean women with PCOS were significantly greater than those of lean controls at 60 min, P Ͻ 0.04.
DISCUSSION
Our data clearly show for the first time that, in PCOS, physiological hyperglycemia is capable of triggering molecular events collectively involved in atherothrombosis and that both PCOS and obesity make significant contributions to this proinflammatory, proatherothrombotic milieu. Our findings corroborate the known mechanisms for glucose-stimulated atherothrombotic inflammation by demonstrating an increase in the amount of translated gene products as well as an increase in transcription factor activation. Lean women with PCOS exhibit increases in activated AP-1 and MMP2 protein content in response to glucose ingestion, along with higher circulating MMP9 and CRP levels and lower insulin sensitivity, compared with lean controls. Obese women with PCOS exhibit similar alterations along with increases in EGR-1 and TF protein content, even greater circulating CRP elevations, higher systolic and diastolic blood pressures, and higher fasting insulin levels compared with lean subjects regardless of PCOS status. The inverse relationship between plasma CRP and the changes Fig. 4 . A: plasma levels of MMP2 measured in fasting blood samples. *Levels in lean women with PCOS were significantly greater than those of lean controls, P Ͻ 0.02. †Levels in obese women with PCOS were significantly greater than those of obese controls, P Ͻ 0.04. ‡Levels in obese women with PCOS were significantly greater than those of lean controls, P Ͻ 0.002. B: plasma levels of C-reactive protein (CRP) measured in fasting blood samples. *Levels in lean women with PCOS were significantly greater than those of lean controls, P Ͻ 0.003. †Levels in obese controls were significantly greater than those of lean women with PCOS and lean controls, P Ͻ 0.0009. ‡Levels in obese women with PCOS were significantly greater than those of lean women with PCOS and lean controls, P Ͻ 0.0003. B: *Response in obese women with PCOS was significantly greater than that of lean controls, P Ͻ 0.02. †Response in obese women with PCOS was significantly greater than that of lean women with PCOS, P Ͻ 0.02. D: *Response in obese controls was significantly greater than that of lean women with PCOS and lean controls, P Ͻ 0.001. †Response in obese women with PCOS was significantly greater than that of lean women with PCOS and lean controls, P Ͻ 0.004.
in MMP2 and TF protein content with insulin sensitivity lends additional support for this concept. Furthermore, lean women with PCOS have greater abdominal adiposity than lean controls, and multiple atherothrombotic inflammation markers are positively associated with abdominal adiposity and circulating androgens. These findings suggest that, in PCOS, excess abdominal adiposity and hyperandrogenism may be specific risk factors for developing atherothrombotic inflammation and subsequent cardiovascular events. Lean women with PCOS may be at greater risk for rapid atherogenic development and ensuing atherosclerotic plaque rupture. They exhibit evidence of insulin resistance, a feature highly associated with atherosclerosis (30) . The CRP elevations in lean women with PCOS compared with lean controls are milder (1-3 mg/l) than what is observed in obese subjects (Ͼ3 mg/l) but are nonetheless indicative of intermediate atherosclerotic cardiovascular risk (35) . This finding is also in keeping with our previous reports of increased glucose-stimulated NF-B activation from MNC and elevated circulating monocyte chemotactic protein-1 (MCP-1) levels in lean women with PCOS (11, 12) . Moreover, CRP and MCP-1 both emanate from NF-B gene regulation. MCP-1 can facilitate migration of MNC into the vascular interstitium, and CRP may subsequently promote the uptake of lipids into MNC-derived foamy macrophages within atherosclerotic plaques (20, 46) . There is also increased glucose-stimulated AP-1 activation and MMP2 protein content as well as higher MMP9 levels in lean women with PCOS compared with lean controls. These findings corroborate our previous report of failed plasma MMP2 suppression in response to glucose ingestion in lean women with PCOS and may incite atherosclerotic plaque rupture (12). Additional support is provided by the direct relationship between the change in activated AP-1 and plasma levels of MMP9 and CRP and the inverse relationship between MMP2 protein content and insulin sensitivity. In contrast, lean controls exhibit suppression of AP-1 activation and MMP2 protein content, suggesting that this in vivo response to physiological hyperglycemia may be the norm for preservation of blood vessel integrity. We have previously reported a similar response pattern in MNC-derived NF-B activation and associated mediators of inflammation in lean, healthy young women (8, 9, 11, 15, 16) . Thus, women with PCOS display a distinct proinflammatory risk profile for atherogenesis that is independent of obesity and incited by glucose ingestion.
Obese women with PCOS may also be at greater risk for rapid atherogenic development and subsequent vascular thrombosis. The circulating CRP elevations observed in this group appear to be more the result of obesity than PCOS per se, because they are markedly higher (Ͼ3 mg/l) in obese subjects than in those who are lean regardless of PCOS status. We have previously reported similar marked elevations in both circulating IL-6 and CRP along with increases in glucose-stimulated MNC-derived NF-B activation in obese women with PCOS (11, 12) . This is important because NF-B directly regulates gene transcription of IL-6, which in turn stimulates CRP synthesis in the liver and in adipose tissue of the obese (31) . The increases in EGR-1 and TF protein content are also evident only in obese women with PCOS compared with lean subjects regardless of PCOS status. These findings in conjunction with the elevations in circulating PAI-1 that we previously reported in obese women with PCOS may promote vascular thrombosis (12). Furthermore, the greater degree of insulin resistance evident in obese women with PCOS compared with those who are lean is suggestive of a more severe atherothrombotic profile. This is corroborated by the inverse relationship of plasma CRP and TF protein content with insulin sensitivity. Thus, the combination of PCOS and obesity may be a more significant risk for atherothrombosis resulting from inflammation compared with PCOS or obesity alone. In PCOS, there may be a connection between adiposity and atherothrombotic inflammation. Plasma MMP9 and CRP and glucose-stimulated atherothrombotic inflammation markers are positively associated with measures of adiposity, especially abdominal adiposity for the combined groups and in women with PCOS. In addition, excess abdominal adiposity is evident in lean women with PCOS and is consistent with previous studies (8, 17, 44) . MNC-derived macrophages produce roughly one-half of the IL-6 in the expanded adipose mass of obese individuals (42) . This suggests that inflamed adipose tissue of women with PCOS, particularly of abdominal origin, is a contributor to the increases in molecular and circulating mediators of atherothrombosis. Thus, these data provide the remarkable revelation that in PCOS excess adiposity sparks an early and possibly premature presence of an atherothrombotic environment.
Hyperandrogenism in PCOS may also play a role in the promotion of atherothrombotic inflammation. LH is positively associated with MMP9 levels and glucose-stimulated TF protein content. Testosterone is positively associated with glucose-stimulated AP-1 activation, and androstenedione is positively associated with MMP9 and CRP levels and glucosestimulated AP-1 activation. This corroborates similar associations between androgens and measures of inflammation in our past reports (9 -14) . Although the association with LH suggests a central impact of androgen production on atherothrombotic inflammation, local effects are well described. Androgen exposure in vitro stimulates adhesion of MNC to vascular endothelium and increases oxidation of LDL by MNC-derived macrophages (26, 45) . Induction of hyperandrogenism in cholesterol-fed female cynomolgus monkeys encourages the progression of atherosclerosis (1) . Most importantly, induction of hyperandrogenism in normal reproductive-age women activates MNC and increases MNC sensitivity to glucose ingestion (15, 16) . Thus, hyperandrogenism in PCOS may upregulate the transcription of atherothrombotic inflammation mediators from glucose-activated MNC to drive the increased risk of atherothrombosis.
The absence of a direct assessment of the effects of atherothrombosis in our study population to bolster the notion that our molecular findings point to atherothrombotic risk is a limitation of the study. Nevertheless, atherothrombotic effects such as impaired vascular flow and decreased whole blood viscosity have been previously reported in reproductive-age women with PCOS (4, 43) . Furthermore, the CRP elevations evident in the women with PCOS in the current report strongly reflect atherothrombotic risk, since CRP is equally predictive of a cardiovascular event compared with the ATP III criteria for metabolic syndrome (34) .
In conclusion, glucose ingestion stimulates atherothrombotic inflammation in PCOS. Activated AP-1 and MMP2 protein contents increase in response to glucose ingestion and circulating MMP9 and CRP are elevated in lean women with PCOS. Similar findings are evident in obese women with PCOS in addition to increases in EGR-1 and TF protein content and even greater elevations in circulating CRP. Thus, both PCOS and obesity contribute significantly to increases in atherothrombotic inflammation markers. The association of these markers with abdominal fat and circulating androgens also suggests that, in PCOS, excess abdominal adiposity and hyperandrogenism contribute to the promotion of atherothrombosis.
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